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1
LDMOS TRANSISTOR HAVING TRENCH
STRUCTURES EXTENDING TO A BURIED
LAYER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
and a method of fabricating a semiconductor device, and
more particularly, to a semiconductor device having trench
structures and a method of fabricating the same.

2. Description of the Prior Art

Having the advantages of a high operational bandwidth, a
high operational efficiency, and a planar structure that eases
the integration in other integrated circuits, lateral double-
diffused metal-oxide-semiconductor (LDMOS) transistor
devices are widely used in high operational voltage environ-
ments such as CPU power supplies, power management sys-
tems, AC/DC converters, and high-power or high frequency
(HF) band power amplifiers.

Please refer to FIG. 1. FIG. 1 is a cross-sectional view
illustrating a LDMOS transistor device. As shown in FIG. 1,
a LDMOS transistor device 10 includes a P-type substrate 11,
an N-type well 12 disposed in the substrate 11, a field oxide
layer 13 disposed on the substrate 11, a gate 14 disposed on a
part of the field oxide layer 13, and a spacer 15 disposed
beside the gate 14. A P-type doped region 16 is located in the
N-type well 12. The source 17 is located in the P-type doped
region 16 at one side of the spacer 15 and the drain 18 is
disposed in the N-type well 12 at the other side of the spacer
15. The main characteristics of the LDMOS transistor device
are the lateral diffused area having the low dopant concentra-
tion and the large area disposed in the drain region that buffers
the high voltage signals between the source region and the
drain region. Accordingly, LDMOS transistor devices can
have a high breakdown voltage (Vbd).

With the trend of miniaturization of the electronic prod-
ucts, how to reduce the occupied area of LDMOS transistor
device in the semiconductor substrate without adversely
affecting the LDMOS transistor performance is an important
issue in this field.

SUMMARY OF THE INVENTION

It is therefore one of the objectives of the present invention
to provide a method of fabricating a semiconductor device
including trench structures to save the occupied area of
LDMOS transistor device in the semiconductor substrate.

According to one exemplary embodiment of the present
invention, a semiconductor device is provided. The semicon-
ductor device includes a semiconductor substrate, a buried
layer, a deep well, a first doped region, a well, a first heavily
doped region, a second heavily doped region, a gate, a first
trench structure and a second trench structure. The buried
layer and the deep well having a first conductivity type are
disposed in the semiconductor substrate, wherein the deep
well is disposed on the buried layer. The first doped region
having a first conductivity type is disposed in the deep well,
wherein the first doped region contacts the buried layer. The
well having a second conductivity type is disposed in the deep
well. The first heavily doped region having a first conductivity
type is disposed in the first doped region; the second heavily
doped region having a first conductivity type is disposed in
the well; and the gate is disposed on the semiconductor sub-
strate between the first heavily doped region and the second
heavily doped region. The first trench structure is disposed in
the semiconductor substrate at one side of the gate, wherein
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the first trench structure contacts the buried layer. The second
trench structure is disposed in the semiconductor substrate at
the other side of the gate opposite to the first trench structure,
wherein a depth of the second trench structure is substantially
larger than a depth of the buried layer.

According to another exemplary embodiment of the
present invention, the method of forming a semiconductor
device includes the following steps. First, a semiconductor
substrate is provided, and a buried layer is formed in the
semiconductor substrate. Then, a deep well having a first
conductivity type is formed in the semiconductor substrate,
and the deep well is disposed on the buried layer. Subse-
quently, a first trench structure is formed in the deep well,
wherein the first trench structure extends into the buried layer;
and a second trench structure is formed in the semiconductor
substrate, wherein a depth of the second trench structure is
substantially larger than a depth of the buried layer.

The present invention uses the first trench structure to
substitute for the field oxide layer of a conventional semicon-
ductor device such as LDMOS transistor device. Accord-
ingly, a part of the horizontal space occupied by the semicon-
ductor device may be replaced by the vertical space.
Therefore, the first trench structure can provide insulation
between the gate and the first heavily doped region, and the
sufficient vertical space can buffer the high voltage signals
transferred from the first heavily doped region to prevent from
damaging the semiconductor device. Consequently, in the
present invention, the formation of the first trench structure,
which contacts and extends into the buried layer, may reduce
the horizontal occupied area in the semiconductor substrate,
this way the utilization rate of the semiconductor substrate is
increased.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view illustrating a LDMOS
transistor device.

FIG. 2 is a schematic diagram illustrating a semiconductor
device according to a preferred exemplary embodiment of the
present invention.

FIG. 3 through FIG. 10 illustrate a method of fabricating a
semiconductor device according to a preferred exemplary
embodiment of the present invention.

DETAILED DESCRIPTION

To provide a better understanding of the present invention,
preferred exemplary embodiments will be described in detail.
The preferred exemplary embodiments of the present inven-
tion are illustrated in the accompanying drawings with num-
bered elements.

The present invention provides a semiconductor device,
please refer to FIG. 2. FIG. 2 is a schematic diagram illus-
trating a semiconductor device according to a preferred
exemplary embodiment of the present invention. As shown in
FIG. 2, a semiconductor device 20 includes a semiconductor
substrate 22, a buried layer 24, a deep well 26, a first doped
region 28, a well 30, a first heavily doped region 32, a second
heavily doped region 34, a third heavily doped region 36, a
gate 38, a first trench structure 40 and a second trench struc-
ture 42. The semiconductor substrate 22 may be a substrate
composed of gallium arsenide (GaAs), silicon on insulator
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(SOI) layer, epitaxial layer, SiGe layer or other semiconduc-
tor materials. The buried layer 24 is disposed in the semicon-
ductor substrate 22 for insulation purposes, or, for example, to
stop the current signal transferring into the semiconductor
substrate 22 and avoid the leakage. In this exemplary embodi-
ment, the buried layer 24 could be an N type buried layer, but
not limited thereto. The deep well 26 having a first conduc-
tivity type is disposed in the semiconductor substrate 22, and
the deep well 26 is disposed on the buried layer 24. The
semiconductor substrate 22 could further include an epitaxial
layer (not shown), and the deep well 26 is disposed in the
epitaxial layer, for example, the deep well 26 is disposed in an
epitaxial layer having a thickness around 5 micrometers (um).

The first doped region 28 having a first conductivity type
and the well 30 having a second conductivity type are both
disposed in the deep well 26, furthermore, the first doped
region 28 contacts the buried layer 24, while the well 30
preferably does not contact the buried layer 24, but not limited
thereto. The first conductivity type could be n-type or p-type,
and the second conductivity type would be the other one.
Additionally, the first doped region 28 has a dopant concen-
tration, and the dopant concentration preferably increases
progressively from an interface between the first doped
region 28 and the buried layer 24 towards an interface
between the first doped region 28 and the semiconductor
substrate 22. The first heavily doped region 32 and the second
heavily doped region 34 have the first conductivity type, the
first heavily doped region 32 is disposed in the first doped
region 28, and the second heavily doped region 34 is disposed
in the well 30. In this exemplary embodiment, the first heavily
doped region 32 could be the drain, and the second heavily
doped region 34 could be the source. The third heavily doped
region 36 disposed in the well 30 has the same conductivity
type as the well 30, and the third heavily doped region 36 is
used for adjusting the electric potential of the well 30. The
gate 38 is disposed on the semiconductor substrate 22
between the first heavily doped region 32 and the second
heavily doped region 34. The gate 38 includes a gate dielec-
tric layer 44, a gate conductive layer 46 disposed on the gate
dielectric layer 44, a cap layer 48 disposed on the gate con-
ductive layer 46, and a spacer 50. As the materials of the gate
38 are known to those skilled in the art, the details are omitted
herein for brevity. Moreover, a part of the well 30 is under the
gate 38.

The first trench structure 40 is disposed in the semiconduc-
tor substrate 22 at one side of the gate 38 and between the first
heavily doped region 32 and the second heavily doped region
34, more clearly, the first trench structure 40 is disposed
between the first doped region 28 and the well 30. The first
trench structure 40 contacts the buried layer 24, and prefer-
ably extends into the buried layer 24 without penetrating the
buried layer 24. The second trench structure 42 is disposed in
the semiconductor substrate 22 at the other side of the gate 38
opposite to the first trench structure 40. The first trench struc-
ture 40 and the second trench structure 42 could be made of
insulating material, and the second trench structure 42 may
insulate the semiconductor device 20 from the other semicon-
ductor device (not shown) disposed in the semiconductor
substrate 22. A width of the first trench structure 40 is sub-
stantially smaller than a width of the second trench structure
42. The first trench structure 40 contacts the buried layer 24
without penetrating the buried layer 24, and a depth of the
second trench structure 42 is substantially larger than a depth
of'the buried layer 24, in other words, the bottom side of the
second trench structure 42 is under the bottom side of the
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buried layer 24. Accordingly, a depth of the first trench struc-
ture 40 is substantially smaller than a depth of the second
trench structure 42.

The semiconductor device 20 could be a lateral double-
diffused metal-oxide-semiconductor (LDMOS) transistor
device. As the semiconductor device 20 is turned on, the high
voltage signal flows in from the first heavily doped region 32.
The first trench structure 40 can prevent the high voltage
signal from penetrating through the gate dielectric layer 44
and reaching the gate conductive layer 46, which may damage
the semiconductor device 20. It is appreciated that, the first
trench structure 40 of the present invention vertically extends
to contact the buried layer 24, and the disposition of the first
trench structure 40 makes the high voltage signal flow along
a path R1 on a side of the first trench structure 40, a path R2
in the buried layer 24 and a path R3 on the other side of the
first trench structure 40 so as to reach the gate 38, in order to
buffer the high voltage signal. Compared to the conventional
field oxide layer formed along the horizontal direction, the
first trench structure 40 of the present invention may use
vertical space to substitute for a portion of horizontal space
occupied by the conventional field oxide layer, and therefore
increase the utilization rate of the semiconductor substrate 20.

The present invention also provides a method of fabricating
a semiconductor device, and more specifically, a method of
fabricating the semiconductor device having trench structures
with different depths surrounding the gate. Please refer to
FIG. 3 through FIG. 10. FIG. 3 through FIG. 10 illustrate a
method of fabricating a semiconductor device according to a
preferred exemplary embodiment of the present invention. As
shown in FIG. 3, a semiconductor substrate 22 is provided,
and an ion implantation process P1 is performed to form a
buried layer 24 in the semiconductor substrate 22. The semi-
conductor substrate 22 may be a substrate composed of GaAs,
silicon on insulator (SOI) layer, epitaxial layer, SiGe layer or
other semiconductor materials, and the buried layer 24 could
be an N type buried layer. Then, as shown in FIG. 4, after the
formation of the buried layer 24, an epitaxial layer 52 can be
further formed on the buried layer 24 to thicken the semicon-
ductor substrate 22 for example; a selective epitaxial growth
(SEG) process is performed to form the epitaxial layer 52
having a thickness around 5 um on the buried layer 24. Sub-
sequently, an ion implantation process P2 is performed to
form a deep well 26 having a first conductivity type in the
epitaxial layer 52, that is, the deep well 26 is disposed in the
semiconductor substrate 22 on the buried layer 24.

As shown in FIG. 5, a patterned mask 54 is formed on the
semiconductor substrate 22 for defining the predetermined
locations of the first trench structure (not shown) and the
second trench structure (not shown) including a first trench
structure region 40A and a second trench structure region
42A. A width w1 of the first trench structure region 40A is
substantially smaller than a width w2 of the second trench
structure region 42A. The patterned mask 54 could include a
mono-layer or composite layers made of silicon oxide or
silicon nitride. Then, as shown in FIG. 6, an etching process
is performed to transfer the pattern of the patterned mask 54
onto the semiconductor substrate 22 and remove a part of the
semiconductor substrate 22 for simultaneously forming at
least a first trench 40' and at least a second trench 42' in the
semiconductor substrate 22.

It is appreciated that, the width w1 of the first trench struc-
tureregion 40A is substantially smaller than a width w2 of the
second trench structure region 42A. Accordingly, as the etch-
ing process is performing, the exposed area of the semicon-
ductor substrate 22 in the first trench structure region 40A is
also substantially smaller than the exposed area of the semi-
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conductor substrate 22 in the second trench structure region
42A. Therefore, under the same process conditions, such as
the etchant having the same selectivity or the same etching
period, a depth d1 of the first trench 40' is substantially
smaller than a depth d2 of the second trench 42'. In this
exemplary embodiment, a depth d3 of the buried layer 24 is
substantially between the depth d1 of the first trench 40' and
the depth d2 of the second trench 42'. In summary, the present
invention adjust the widths of the trench structure regions
where the trench structures are predetermined to be formed
simultaneously with different depths in one etching process,
and the width of each trench structure region is proportional
to the depth of the formed trench.

Subsequently, the first trench 40" and the second trench 42'
are filled with insulating materials to form a first trench struc-
ture 40 and a second trench structure 42. The method for
forming the first trench structure 40 and the second trench
structure 42 includes the following steps. First, a thermal
oxidation process is selectively performed to oxidize the
semiconductor substrate 22 exposed by the first trench 40" and
the second trench 42' in order to form an oxide layer (not
shown) respectively covering the bottom and the inner sides
of'the first trench 40' and the bottom and the inner sides of the
second trench 42'. The first trench 40' and the second trench
42' are not totally filled with the insulating material. Then, a
dielectric layer (not shown) made of oxide is formed for
filling the first trench 40' and the second trench 42' through a
chemical vapor deposition (CVD) process including high
density plasma density CVD (HDPCVD) process, sub atmo-
sphere CVD (SACVD) process, or spin on dielectric (SOD)
process. Furthermore, a chemical mechanical polishing
(CMP) process is performed to remove the additional oxide
layer, the additional dielectric layer and the remaining pat-
terned mask to complete the formation of the first trench
structure 40 and the second trench structure 42 as shown in
FIG. 6. The first trench structure 40 contacts the buried layer
24 without penetrating it, and the bottom side of the second
trench structure 42 is under the bottom side of the buried layer
24. In this exemplary embodiment, the first trench structure
40 surrounds a part of'the deep well 26, and the second trench
structure 42 enclose the deep well 26 and first trench structure
40, but not limited thereto.

The width of the first trench structure region 40 A, the width
of'the first trench 40', and the width of'the first trench structure
40 are substantially the same, and w1 may be used to repre-
sent for each of them. Furthermore, the width of the second
trench structure region 42A, the width of the second trench
42', and the width of the second trench structure 42 are sub-
stantially the same, and w2 may be used to represent for each
of them.

An ion implantation process P3 is further performed to
form a first doped region 28 in the deep well 26 at one side of
the first trench structure 40, wherein the first doped region 28
has the first conductivity type. As shown in FIG. 7, the ion
implantation process P3 is performed with a patterned mask
(not shown) to form the first doped region 28 in the deep well
26 surrounded by the first trench structure 40. The first doped
region 28 contacts the buried layer 24, additionally, the first
doped region 28 has a dopant concentration, and the dopant
concentration increases progressively from an interface S3
between the first doped region 28 and the buried layer 24
towards an interface S4 between the first doped region 28 and
the semiconductor substrate 22. The ion implantation process
P3 includes the following steps. First, dopants having the first
conductivity type are implemented into a part of the deep well
26, a thermal process is then performed to drive-in the dopant.
In addition, the ion implantation process P3 could also be
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performed so as to form a plurality of sub-regions (not shown)
having different dopant concentrations and different depths,
wherein these sub-regions could constitute the first doped
region 28 having a dopant concentration gradient. Further-
more, the order of the formation ofthe first trench structure 40
and the second trench structure 42 and the formation of the
first doped region 28 is not limited to the one illustrated
above.

As shown in FIG. 8, an ion implantation process P4 is
performed to form a well 30 in the deep well 26 at the other
side of the first trench structure 40 opposite to the first doped
region 28, and the well 30 has a second conductivity type and
preferably does not contact the buried layer 24. The first
conductivity type can be n-type or p-type, and the second
conductivity type is the other one. In this exemplary embodi-
ment, the first trench structure 40 could be located between
the well 30 and the first doped region 28, the first trench
structure 40 may surround the first doped region 28, and the
second trench structure 42 may surround the deep well 26, the
first trench structure 40 and the first doped region 28. The ion
implantation process P4 includes the following steps. First,
dopants having the second conductivity type are implemented
into a part of the deep well 26, then a thermal process is
performed to drive-in the dopants. A dopant concentration of
the well 30 is substantially equal to a dopant concentration of
the deep well 26, but smaller than a dopant concentration of
the buried layer 24, but not limited thereto.

As shown in FIG. 9, at least a gate 38 is formed on the
semiconductor substrate 22. The gate 38 includes a gate
dielectric layer 44, a gate conductive layer 46, a cap layer 48
and a spacer 50. The fabricating processes of the gate are
known to those skilled in the art, therefore the details are
omitted herein for brevity. The gate 38 overlaps a part of the
deep well 26 between the first trench structure 40 and the
second trench structure 42, and a part of the first trench
structure 40. Then, at least a first heavily doped region 32
having the first conductivity type is formed in the first doped
region 28 and at least a second heavily doped region 34
having the first conductivity type is formed in the well 30. The
method of fabricating the first heavily doped region 32 and
the second heavily doped region 34 includes the following
steps. The gate 38 and a patterned mask (not shown) are used
as a mask to perform an ion implantation process P5 to
respectively form the first heavily doped region 32 and the
second heavily doped region 34 in the semiconductor sub-
strate 22 at both sides of the gate 38. A dopant concentration
of the first heavily doped region 32 and a dopant concentra-
tion of the second heavily doped region 34 are substantially
larger than the dopant concentration of the deep well 26 or a
dopant concentration of the well 30. The first trench structure
40 is between the first heavily doped region 32 and the second
heavily doped region 34, and the second trench structure 42 is
in the semiconductor substrate 22 at the other side of the gate
38, opposite to the first trench structure 40. Furthermore, an
ion implantation process P6 is further performed to form at
least a third heavily doped region 36 in the well 30. The third
heavily doped region 36 has the same second conductivity
type as the well 30. In this exemplary embodiment, the first
heavily doped region 32 may be a communal drain, the sec-
ond heavily doped region 34 may be a source, and the third
heavily doped region 36 may be used to adjust the electric
potential of the well 30. Accordingly, a semiconductor device
56 such as LDMOS transistor device is completed.

In another exemplary embodiment, as shown in FIG. 10,
the semiconductor device 56 may further include a shallow
trench structure 58 around for providing additional insulating
effects, that is, for avoiding the mutual disturbance between
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the semiconductor device 56 and other semiconductor
devices (not shown) disposed in the semiconductor substrate.
The fabricating process of the shallow trench structure 58
could be integrated into the fabricating process of the first
trench structure 40 and the second trench structure 42 to save
the cost, but not limited thereto. A depth d4 of the shallow
trench structure 58 is substantially smaller than the depth d1
of the first trench structure 40 or the depth d2 of the second
trench structure 42.

In conclusion, the present invention uses the first trench
structure to substitute for the field oxide layer of the conven-
tional semiconductor devices such as LDMOS transistor
devices. Accordingly, a part of the horizontal space previ-
ously occupied by the semiconductor device may be replaced
by the vertical space. Therefore, the first trench structure can
provide insulation between the gate and the first heavily
doped region, and sufficient vertical space to buffer the high
voltage signals transferred from the first heavily doped
region, which prevents from damaging the semiconductor
device. Consequently, in the present invention, the deposition
of the first trench structure which contacts and extends into
the buried layer may reduce the horizontal occupied area of
semiconductor device in the semiconductor substrate, and the
utilization rate of the semiconductor substrate is increased.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:

1. A semiconductor device, comprising:

a semiconductor substrate;

a buried layer disposed in the semiconductor substrate;

a deep well having a first conductivity type being disposed
in the semiconductor substrate, wherein the deep well is
disposed on the buried layer;

afirst doped region having the first conductivity type being
disposed in the deep well, wherein the first doped region
contacts the buried layer;

awell having a second conductivity type being disposed in
the deep well;
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a first region having the first conductivity type and being
disposed in the first doped region;

a second region having the first conductivity type being
disposed in the well;

a gate disposed on the semiconductor substrate between
the first region and the second region;

a first trench structure disposed in the semiconductor sub-
strate and directly under part of the gate and between the
gate and the first doped region, and contacting the buried
layer and the first doped region directly; and

a second trench structure disposed in the semiconductor
substrate at the other side of the gate opposite to the first
trench structure, wherein a depth of the second trench
structure is larger than a depth of the buried layer and
larger than the depth of the first trench structure.

2. The semiconductor device according to claim 1, wherein
the first trench structure is disposed between the first region
and the second region.

3. The semiconductor device according to claim 2, wherein
the first trench structure is disposed between the first doped
region and the well.

4. The semiconductor device according to claim 1, wherein
a part of the well is under the gate, and the well does not
contact the buried layer.

5. The semiconductor device according to claim 1, further
comprising an epitaxial layer, wherein the deep well is dis-
posed in the epitaxial layer.

6. The semiconductor device according to claim 1, wherein
a width of the first trench structure is smaller than a width of
the second trench structure.

7. The semiconductor device according to claim 1, wherein
the first doped region has a dopant concentration, and the
dopant concentration increases progressively from an inter-
face between the first doped region and the buried layer
towards a top surface of the first doped region.

8. The semiconductor device according to claim 1, wherein
the first conductivity type comprises n-type or p-type, and the
second conductivity type comprises the other one.
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